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Latest  

Developments 

in Crown Fire 

Behavior 

Prediction 



Crown Fire Behavior Models & Systems Currently 

Used Operationally in North America 
 

United States 
 

• Rothermel (1991)        

• FARSITE System 

• NEXUS System 

• Fuel Management 

  Analyst  

   
 

Canada 
 

• Van Wagner (1977) 

• Canadian Forest Fire  

   Behavior Prediction System 



Limitations 
 

• Canada – empirical approach couldn’t be 

sustained indefinitely 
 

• United States – interim model only following 

1988 fire season  

 

This lead to the birth of  

International Crown Fire Modelling Experiment  

(ICFME)  

in the mid 90s 



• Typical of Active Crown Fires in the Boreal Forest 
 

• Rate of Advance: 1-5 km/h 
 

• Fuel Consumed: 40-50 t/ha 
 

• Fire Intensities: 13 000 – 90 000 kW/m 
 

• Flame Front: 2-3 Times Tree Height 
 

• Well-defined Convection Columns 
 

• Spotting: prolific; up to 200-300 m 
 

• 18 Experimental Crown Fire 
 

• NO Escapes! 

Characteristics of ICFME Fires 



Fire Management Today 

Summer 2005 issue 

Canadian Journal of Forest Research 

July 2004 issue 



Canadian Journal of Forest Research 

July 2004 issue 

CFS companion publication on  

ICFME fuel complex characteristics 



Canadian Journal of Forest Research 

July 2004 issue 
Dr. Frank Albini  

ICFME 1997 



Results of the comparison indicate that the model 

… accurately predicts the relative response of fire 

spread rate to fuel and environment variables but 

overpredicts the magnitude of fire spread rates. 



Observed forward spread rates (y axis) of the 

ICFME fires in comparison to predictions (x axis) 

from a number of North American fire behavior 

prediction systems and models.  Unit of measure: 

m/min (150 m/min = ~500 ft/min) 



Working Towards an Alternative Approach 

Miguel Cruz, a 

Portuguese Forester, 

interested in crown 

fire initiation and 

spread enrols in 

graduate program at 

University of 

Montana in 1998 

Cruz, M.G. 1999. Modeling the initiation and 

spread of crown fires. University of Montana, 

Missoula, MT. 162 pp. 



Reanalysis of the Experimental fires 

used in the development of the Canadian 

Forest Fire Behavior Prediction (FBP) 

System 



Probability of Crown Fire Occurrence – 

Analysis & Model Development 

• Comprehensive 

review of the literature 

• Number of variables 

examined 

• Data available for 34 

surface fires & 37 

crown fires (principally 

Canadian but a few 

fires from Portugal and 
Australia) 



Probability of Crown Fire Occurrence – 

Analysis & Model Development 

Statistics on Assembled Database  



Probability of Crown Fire Occurrence - Results 

Forest Science - October 2004 issue 

Logistic regression 

model requires three 

environmental inputs: 
 

• 10-m open wind speed 

• Fuel strata gap (FSG) 

• Effective fine fuel 

moisture (EFFM) 
 

And one fire behavior 

description: 
 

• Surface fuel 

consumption (SFC) 



Effective Fine Fuel Moisture (EFFM) 

 (Rothermel 1983) 

Determined from: 

• Air temperature 

• Relative Humidity 

• Time of Year 

• Time of Day 

• Degree of Shading 

(cloud cover & 
canopy coverage) 



Effect of  

10-m Open 

Wind  

Speed 

under 

variable  

Fuel 

Strata  

Gap (FSG) 

 

 

Assume 

EFFM 6% and 

SFC 

1-2 kg/m2  



Effect of  

Effective Fine 

Fuel 

Moisture 

under 

variable 

10-m Open 

Wind  

Speeds (U10) 

 

Assume  

SFC 

1-2 kg/m2 

 



Effect of  

Surface  

Fuel 

Consumption 

(SFC) 

under 

variable  

10-m Open 

Wind Speeds 

 

 

 

Assume 

EFFM 6% 

FSG 6 m 



Probability of Crown Fire Occurrence -- 

Evaluation 

Porter  

Lake 

Project 



Probability of Crown Fire Occurrence --  

Evaluation Results 



Probability of Crown Fire Initiation 

Forestry Chronicle –  

September/October 2004 issue 

Four different logistic 

regression models that 

use crown base height 

(CBH) and/or 10-m open 

wind speed (U10) and 

components of the 

Canadian Forest Fire 

Weather Index System: 
 

1: CBH, FFMC, WS, DC 

2: CBH, ISI, DC 

3: CBH, ISI, BUI 

4: ISI, DC 
 



Results of evaluation of logistic models against 

two independent experimental fire data sets – 

Porter Lake and ICFME 

 



Active Crown Fire Rate of Spread 

Canadian Journal of Forest Research 

– August 2005 issue 

Regression model for 

predicting active 

crown fire spread rates 

based on three 

environmental inputs: 
 

•10-m open wind speed 

• Canopy bulk density 

• Effective fine  

•fuel moisture 
 

 
 



Crown Fire Rate of Spread –  

Analysis & Model Development 

• Comprehensive 

review of the 

literature 

• Number of variables 

examined 

• Data available for 24 

active crown fires and 

13 passive crown 
fires 

 



Passive crown fire 

rate of spread was 

modelled through a 

correction factor 

based on the 

criterion for active 

crowning related to 

canopy bulk density 

as suggested by 

C.E. Van Wagner.* 

 

 

*1977. Conditions for the start 

and spread of crown fire. 

Canadian Journal of Forest 

Research 7: 23-34. 



Van 

Wagner’s 

(1977) 

criterion 

represented 

by 
curve  



Crown Fire Rate of Spread –  

Analysis & Model Development 

 

Statistics on Assembled Database 



Crown Fire Rate of Spread 



Crown Fire Rate of Spread 



Active Crown Fire Rate of Spread --  
Evaluation Results from Experimental Fires 











Passive Crown Fire Rate of Spread --  
Evaluation Results from Experimental Fires 



Active Crown Fire Rate of Spread --  
Evaluation Results from Wildfires 

57 Wildfires: 

 

• 43 Canadian 

Wildfires 

 

• 14 U.S. 

Wildfires 











Diagram of 

information flow 

for predicting 

crown fire 

behavior 

potential based 

on the models 

developed by 

Cruz, Alexander 

and Wakimoto 

(2004, 2005).  



Canopy or Crown Bulk Density 













 

***Download software *** 

http://fire.feric.ca 



Concluding Remarks 

 

• M. Cruz – PhD (2004) & Australia (2005) 
 

• Better than the FBP System??? 
 

•FIRE BEHAVIOR PREDICTION PARADOX --   
 

   The models and systems aren't accurate 

   enough. 
 

   The models and systems are too    

   complicated. 
 

   Presumably, crude but reliable decision aids  

   are needed at the field level. 
 

• Fuel Treatments – Future Experimental Fires 



THE END – THANK YOU 

Questions or comments? 


